This study was designed to analyze the association between motor skills and school performance in elementary school children with attention deficit hyperactivity disorder (ADHD). Two groups of children were evaluated. The experimental group contained 55 students of both sexes, age 7 to 10, who had been clinically diagnosed with ADHD; the control group consisted of 55 children with typical motor development. The results showed no association between motor skills and school performance in the experimental group, although there was a statistically significant difference between manual dexterity and writing performance in the control group. Although we found no relationship between motor skills and school performance in children with ADHD, we believe that having specialized professionals monitor these children may be beneficial. Early diagnosis of impaired motor skills and poor school performance may lead to better developmental opportunities and a better quality of life.
Introduction
Attention deficit hyperactivity disorder (ADHD) is a neurobiological condition characterized by inattention, motor hyperactivity, and impulsivity and associated with emotional, perceptual, and motor disorders. ADHD is most frequently detected in schoolage children 1 and affects about 5.29% of the global population 2, 3 . Clinical and epidemiological studies [4] [5] [6] [7] have shown that 30% to 50% of children diagnosed with ADHD have some form of motor skills disorder, which can negatively affect their physical, emotional, and academic development, thereby impacting the child's quality of life as well as that of the family members who care for the child.
Several authors have emphasized the relationship between motor and cognitive development in children, noting that welldeveloped motor skills are fundamental for satisfactory school performance, such as reading, arithmetic, and writing 8, 9 . This relationship is logical, as the cerebellum and frontal lobe function together to produce coordination and cognition. Vuijik, Hartman, Mombarg, Scherder, and Visscher 10 found a positive correlation between learning difficulties, ADHD, and autism in children age 7 to 12 years. They also observed that children with the greatest learning difficulties had the poorest motor skills. Using the Movement Assessment Battery for Children (MABC-2), they found associations between balance and arithmetic abilities as well as between aiming, catching, and reading.
Likewise, when Westendorp, Hartman, Houwen, Smith, and Visscher 11 compared the motor skills of 120 children age 7 to 12 with and without learning difficulties, they found relationships between reading and motor skills and between arithmetic and object control skills in children with learning difficulties.
Intervention-oriented studies have shown that motor skill enhancement positively impacts school development 12, 13 . However, most previous studies have focused only on motor skill development and general school performance; they have not tested the relationships between specific motor skills and different types of school performance, such as reading, writing, and arithmetic 10 . In general, studies analyzing specific relationships between motor and academic performance in children with ADHD are limited; more commonly, researchers have analyzed each of the two performance categories separately or only mentioned the existence of these difficulties. Early identification of motor deficits as a concomitant of school deficits can provide individuals with a greater chance of success and therefore a better quality of life by enabling the application of suitable interventions for this population in both health and education, thus minimizing the potential impact of the presented deficits
With this assumption in mind, the aim of the present study was to analyze the association between motor and school performance in elementary school children with and without ADHD.
Materials and methods Subjects
We conducted a cross-sectional study. The experimental group contained 55 children, age 7 to 10 years, who had been diagnosed with ADHD without comorbidities other than oppositional defiant disorder (ODD). We also employed a control group of 55 children with typical development who were achieving average school performance. We selected all participating children from 20 public schools in Maringá, Paraná, Brazil. The exclusion criteria for both groups included mental retardation, inability to read and/or write, and severe hearing, visual, heart, neuropsychiatric, rheumatic, or orthopedic disorders.
Written consent was obtained from the parents and/or caregivers of all participants, and the study was approved by the Ethics and Research Committee of the University of Sao Paulo Faculty of Medicine (no. 030711).
Procedures
Children with ADHD were identified via an initial screening of 1,484 children. In this first phase, teachers and parents were asked to complete the SNAP-IV questionnaire (14) . By analyzing the responses to the SNAP-IV, we identified 83 children with possible ADHD. These children were referred to a pediatric neurologist, who used the diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) to confirm a clinical diagnosis of ADHD without comorbidities (except ODD) and identify the corresponding clinical ADHD Subtype 15 . After assessment by the pediatric neurologist, 55 of the children were included in the experimental group. Of these, 31 children were diagnosed with the combined subtype (56.4%), 22 with the inattentive subtype (40%), and 2 with the hyperactive impulsive subtype (3.6%) of ADHD.
We also selected 55 children for the control group who were free of ADHD symptoms according to data from the SNAP-IV questionnaire. The sociodemographic data for the children in both groups are shown in Table 1 .
The first author of this study then assessed the motor skills and school performance of the children in both groups.
Of the 55 children diagnosed with ADHD, 50 were treatmentnaïve and 5 were being treated with psychostimulant medications. We asked the parents or guardians of these 5 children to discontinue their medication for 48 hours before the motor and school performance tests.
We used the Movement Assessment Battery for Children 2 (MABC-2) to evaluate the participants' motor skills. The MABC-2 is a standard test used to identify and describe motor skills in children age 3-16. For this study, we used the tests that are considered appropriate for children age 7 to 10 16 . The MABC-2 assesses skills in three categories: manual dexterity, aiming and catching, and static and dynamic balance. The scores for these three groups are summed, resulting in a total score that is then converted into a corresponding percentile ranking. A total score at or below the 5th percentile indicates significant motor difficulty; scores from the 6th to the 15th percentile are associated with borderline motor difficulty; and a score at or above the 16th percentile indicates no motor difficulty.
We used the School Performance Test (SPT) to assess reading, writing, and arithmetic performance in both groups. This test is generally used to evaluate elementary school students, and it rates their performance as good, average, or poor 17 . On the SPT, writing is assessed by asking the student to write words dictated to him or her; arithmetic is assessed by means of the performance of mathematical operations orally or in writing; and the reading assessment is based on the degree of understanding of isolated words presented out of context.
Statistical analysis
We generated descriptive statistics for all variables using R for Windows FAQ
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. The level of statistical significance was set at 5% (p ≤ 0.05). We used Fischer´s exact test to compare school performance in both groups as well as motor and school performance according to clinical ADHD subtype.
We used the chi-squared test to assess the relationship between motor performance classification and group membership. We also used the Spearman correlation coefficient to analyze the relationship between motor skills and school performance, and the Mann-Whitney test to compare MABC-2 scores in both groups.
Results
The school performance results, shown in Table 2 , revealed statistically significant differences between the two groups in terms of reading (p = 0.001), writing (p = 0.002), and the total raw score on the SPT (p < 0.0001).
As for motor performance, a medians analysis revealed no statistically significant differences between the groups for all variables analyzed, although both groups exhibited deficient balance skills (Table 3) .
Total MABC-2 scores revealed that there were twice as many children with borderline or significant motor difficulty in the experimental group as in the control group (Table 4) . 
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Compared with the control group, our analysis of motor performance by members of the experimental group did not reveal any statistically significant differences in manual dexterity (MD) skills (p = 0.863), aiming and catching (A&C) (p = 0.567), balance (B) (p = 0.174), or total MABC-2 score. Additionally, we found no statistically significant differences in writing (p = 0.605), reading (p = 0.734), arithmetic (p = 0.931), or total raw score on the SPT (p = 0.928) between the two groups.
When assessing the relationship between motor and school performance (Table 5 ) in both groups, we found a statistically significant correlation between manual dexterity and writing performance (p = 0.010) in the control group only.
Discussion
Our main objective was to analyze the association between motor and school performance in children with and without ADHD who are enrolled in public elementary schools in Maringá, Paraná, Brazil. We found that a greater percentage of children in the experimental group exhibited motor performance at or below the 15th percentile (n = 18, 32.7%), compared with those in the control group (n = 9, 16.4%). This finding is consistent with other clinical studies, such as those conducted by Fliers et al. 6 and Goulardins, Marques, Casella, Nascimento, and Oliveira 19 , who found that 30% to 50% of their study population exhibited motor deficits. This result was expected, given the existing literature on frontal striatal circuit dysfunction in children with ADHD.
Five children in the experimental group were being treated with psychostimulant medications, which had scores on motor performance ranging from 6 th to 15 th percentiles. However, the percentage of motor-impaired children in the control group (16.4%) was higher than typical estimates for the normal population (6%), according to the existing literature 15 . This inconsistency may be due to individual differences in physical biotype, sociocultural level, the nature of physical education classes, the amount of stimulation at home, increases in the amount of time spent watching television and using computers, dependence on motor vehicles for travel rather than walking or biking, or high levels of urban violence, which encourage children to stay at home.
According to Seidman et al. 20 , motor immaturity in children with ADHD may be related to a delay in cortical maturation, especially in prefrontal areas related to attention, working memory, and motor control accuracy. Other frontal areas, such as the premotor and motor cortex, are also related to activities involved in MABC-2 motor tests. These include aiming, catching, and jumping, as these activities involve fast sequential movements 21 . Of all the abilities tested by the MABC-2, balance skills were the poorest in both the experimental and control groups. Some authors have suggested that balance deficits in children with ADHD are related to low cerebellum volume and corresponding abnormalities in the associated circuits, which include the prefrontal cortex and basal ganglia 22 . Balance deficits in children with ADHD were also noted in the study by Goulardins, Marques, Casella, Nascimento, Oliveira 19 , who used the Motor Development Scale (MDS) to find statistically significant differences in balance between a group of boys with combined ADHD and a control group. However, we did not observe this phenomenon. This variation in results may be due to the different assessment tools used, as the MDS contains subtests with various degrees of complexity, or a consequence of the different kinds of sample populations employed. Specifically, Goulardins et al 2 . used a clinical population, whereas our participants were recruited from schools.
Kooistra, Crawford, Dewey, Cantell, and Kaplan 23 suggested that the motor problems frequently seen in children with ADHD may be more strongly related to comorbidities of ADHD, rather than ADHD itself. They tested fine and gross motor skills in 486 children with ADHD using the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), finding that the general motor performance of children with ADHD was similar to that of the control group. Although this test was different from the one used in the present study, the researchers obtained similar results with respect to motor skills.
With respect to motor performance in individuals with different ADHD subtypes, Martin, Levy, Pieka, and Hay 24 found a relationship between the predominant inattentive subtype and problems with fine motor skills. It is possible that we did not find this association due to our limited sample size for each clinical subtype.
In our study, 40% of the children with ADHD and 9.1% of the control children exhibited criteria for learning difficulties according to the SPT. Stein 17 , author of the SPT, estimated that 25% of children with typical motor development have learning difficulties, which is substantially higher than the 9.1% rate found in our control group. However, the percentage of our ADHD group who exhibited learning difficulties matched the range mentioned by DuPaul, Gormley, and Laracy 25 , i.e., 31-45%. Learning difficulties in children with ADHD appear to stem predominantly from neuropsychological deficits in attention and executive functioning 2, 26 , deficits in inhibitory control, and a longer reaction time 27 . Although studies have reported a higher rate of learning difficulties in individuals with inattentive ADHD 28, 29 , we found that , who assessed schoolchildren age 10 to 12 who were suspected of having ADHD (p = 0.061). This result, which contradicts most studies, might be attributed to our limited sample size.
Among all areas analyzed by the SPT, children from both groups had their best performance in arithmetic skills (despite participants in the experimental group had lower scores than the control group). According to Casas, Alba, and Taverner 31 , children who had ADHD without associated comorbidities did not appear to have difficulty with calculations or solving arithmetic problems. However, both their study and the present investigation sampled children with ADHD who were recruited from schools, and this fact may have contributed to the similarity in the observed results.
In terms of the relationship between motor skills and school performance, we found a slight association between writing and manual dexterity in the control group only. This is logical, as writing is related to fine motor development and requires a high degree of accuracy 32, 33 . Unexpectedly, we found that motor skills and school performance were not related. This finding was also reported by Beltrame, Silva, and Staviski
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, even though many other studies have indicated contrary results. This difference may be related to the way in which other studies classified school performance; for example, in the present study we evaluated children that had average academic performance, whereas other studies may have only assessed children with poor performance.
The results of the present study must be interpreted carefully. We found that the frequency of motor problems (borderline or significant motor difficulty) observed in our experimental group, although the diagnosis has been made by a paediatric neurologist, and the child was not examined in a clinic but in school the child attended. These diagnoses were not higher than the general population.
Limitations and considerations for future research
Limitations of the present study include the lack of qualitative analysis regarding motor performance and the small sample size. Perhaps these may have limited the statistical power of our tests, making it less likely that we would detect possible differences between the groups.
Another limitation we found were statistically significant differences in reading and writing between the groups studied. Specifically, there were significant differences in the total raw score on the School Performance Test and in the level of motor difficulty between children with ADHD and controls. It may be helpful to have specialized professionals monitor the motor and school performance of children with ADHD. Early diagnosis of such difficulties could reduce the potential for their impairment to negatively impact motor skill development and school performance, thus offering these children better developmental opportunities and a better quality of life. Further research with larger sample populations is needed.
